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ABSTRACT 

In a re?ective a display device based on layer break up or layer 
displacement having at least tWo different states, in Which one 
of the ?uids (5) e. g oil in a ?rst state adjoins at least a ?rst 
support plate (3) and in the second state the other ?uid (6) at 
least partly adjoins the ?rst support plate, in Which picture 
elements are separated by areas (13) having a hydrophilic 
surface dyes (or sometimes pigments) are added to the oil 
(usually hydrocarbon but also possibly silicone or ?uorocar 
bon), to provide su?icient optical intensity. 
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DISPLAY DEVICE BASED ON 
ELECTROWETTING EFFECT 

[0001] The invention relates to an optical switch compris 
ing at least one ?rst ?uid and a second ?uid immiscible With 
each other Within a space betWeen a ?rst transparent support 
plate and a second support plate, the second ?uid being elec 
troconductive or polar. 

[0002] In particular the invention relates to a display device 
comprising picture elements (pixels) having at least one ?rst 
?uid and a second ?uid immiscible With each other Within a 
space betWeen a ?rst transparent support plate and a second 
support plate, the second ?uid being electroconductive or 
polar. 
[0003] Optical sWitches may be used in shutter applica 
tions, diaphragms, but also in sWitchable color ?lters in eg 
display applications. If the ?uid is a (colored) oil and the 
second ?uid is Water (due to interfacial tensions) a tWo-layer 
system is provided Which comprises a Water layer and an oil 
layer. HoWever, if a voltage is applied betWeen the Water and 
an electrode on the ?rst support plate the oil layer moves aside 
or breaks up due to electrostatic forces. Since parts of the 
Water noW penetrate the oil layer the picture element becomes 
partly transparent. 
[0004] Display devices based on this principle have been 
described in PCT-Application W0 03/ 001 96 (PH-NL 
02.0129) 
[0005] When used in a re?ective display the optical perfor 
mance of a picture element depends a. 0. on the optical inten 
sity of the colored ?lm in the non-re?ective state (off state) 
dyes (or sometimes pigments) are added to the oil (usually 
hydrocarbon but also possibly silicone or ?uorocarbon), to 
provide su?icient optical intensity. Using the electro-Wetting 
display principle the brightness in the re?ective state (on 
state) is dependent on the scattering properties of the (under 
lying) substrate and the area fraction occupied by residual oil. 
This implies that the use of as little oil as possible Will yield a 
high brightness. Contrast hoWever also depends on the inten 
sity and homogeneity of the optical intensity of the colored 
?lm in non-re?ective state, so for high contrast a thicker layer 
of oil Would be preferable. 
[0006] It is one of the objects of the present invention to 
overcome at least partly the above-mentioned requirement. 
[0007] To this end an optical device according to the inven 
tion comprises oil comprising a dye the concentration of the 
dye being at most 1 M (mol/L). It can be shoWn that such oils 
can be used to ?nd a good compromise betWeen the require 
ments mentioned above. Suitable oils are e.g. alkane based 
oils colored With non-polar dyes, for example Oil Blue N 
(alkylamine substituted anthraquinone), Solvent Green, 
Sudan Red and Sudan Black. the concentration of the dye 
should exceed 0.01M to obtain a good color quality. 
[0008] For independently characterizing a solution a Figure 
of Merit (FoM) is de?ned as (FoM:e.C) in which 6 is the 
extinction coe?icient of the dye and C is the concentration of 
the dissolved dye in the ?rst ?uid. Preferably for a layer 
thickness of 10 pm of the ?rst ?uid the device has a Figure of 
Merit (FoM:e.C) of at least 100, more preferably at least 500 
and most preferably at least 1000. 

[0009] These and other aspects of the invention are appar 
ent from and Will be elucidated With reference to the embodi 
ments described hereinafter. 
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[0010] 
[0011] FIG. 1 is a diagrammatic cross-section ofa part ofa 
display device, to shoW the principle on Which a display 
device according to the invention is based, 

[0012] FIG. 2 shoWs a further diagrammatic cross-section 
of a part of such a display device and 

[0013] FIG. 3 is a diagram shoWing the relationship 
betWeen the Figure of Merit (FoM:e.C) and oil ?lm thick 
ness, 1, required to meet a certain optical activity criterion 
(Absorbance, or Optical Density, AIl). 
[0014] The Figures are diagrammatic and not draWn to 
scale. Corresponding elements are generally denoted by the 
same reference numerals. 

[0015] FIG. 1 shoWs a diagrammatic cross-section ofa part 
of a display device 1 Which shoWs the principle on Which a 
display device according to the invention is based. BetWeen 
tWo transparent substrates or support plates 3, 4 a ?rst ?uid 5 
and a second ?uid 6 are provided, Which are immiscible With 
each other. The ?rst ?uid 5 is for instance an alkane like 
hexadecane or as in this example colored oil. The second ?uid 
6 is electroconductive or polar, for instance Water or a salt 
solution (eg a solution of KCl in a mixture of Water and ethyl 

alcohol). 
[0016] In a ?rst state, When no external voltage is applied 
(FIG. 1a, off state) the ?uids 5, 6 adjoin the ?rst and second 
transparent support plates 3, 4 of eg glass or plastic. On the 
?rst support plate 3 a transparent electrode 7, for example 
indium (tin) oxide is provided and an intermediate less Wet 
table (hydrophobic) layer 8, in this example an amorphous 
?uoropolymer (AF1600). 
[0017] When a voltage is applied (voltage source 9) via 
interconnections 20, 21 the layer 5 moves aside or breaks up 
into small droplets (FIG. 1b, on state). This occurs When the 
electrostatic energy gain is larger than the surface energy loss 
due to the creation of curved surfaces. As a very important 
aspect it Was found that reversible sWitching betWeen a con 
tinuous ?lm 5 covering the support plate 3 and a ?lm adjoin 
ing the Wall 2 is achieved by means of the electrical sWitching 
means (voltage source 9). 

[0018] FIG. 2 shoWs an embodiment of a display device 
according to the invention, in Which Walls betWeen separate 
picture elements have been omitted for the greater part for the 
sake of clarity. In this embodiment the pixel Walls 13 do not 
extend across the Whole pixel thickness. Such Walls may be 
obtained by offset printing or other printing techniques 
knoWn in the art. It appears that the oil ?lm 5 is very stable, 
Which is enhanced even further as the pixel siZe decreases. So 
during sWitching the oil remains con?ned in each area. The 
other reference numerals have the same meaning as those in 
FIG. 1. 

[0019] The display has been made re?ective by adding a 
re?ector 14 as shoWn in FIG. 2. The optical performance of a 
display pixel depends essentially on the optical intensity of 
the colored ?lm in the off state as Well as the re?ectivity and 
exposed part of the re?ector 14 upon sWitching. Dyes (or 
sometimes pigments) are added to the oil (usually hydrocar 
bon but also possibly silicone or ?uorocarbon), to provide 
suf?cient optical intensity. 
[0020] The contrast (CR) of a display pixel hoWever also 
depends on the intensity and homogeneity of the pixel in its 
off state and can be calculated as: 

In the draWings: 
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Where “RWhl-te” and “Rblack” are the re?ectivities of the uncov 
ered area of a pixel in the on state and for the off state 
respectively, and “coverage” is the area occupied by oil in the 
‘on-state. For an oil residue of about 25% the following 
contrast values can then be obtained as a function of White and 
black re?ectivities: 

TABLE 1 

AM 

T?Lm (%) Rm“k 0.5 0.7 0.9 

40 0.16 2.3 3.3 4.2 
30 0.09 4.2 5.8 7.5 
20 0.04 9.4 13.1 16.9 
10 0.01 38 53 67.5 

[0021] T?lm in Table 1 corresponds to the percentage of 
light transmitted during a single pass through the absorbing 
layer (?lm). Contrast ratios of about 10 are required forpaper 
like optical characteristics. Because re?ected light must pass 
through the colored oil ?lm tWice the black re?ectivity Rblack 
is extremely loW for an absorbing layer (?lm) having 
T?Zm:10% (absorbanceA:1). It also appears that the contrast 
depends mo st strongly on the re?ectivity of the dark state and 
much less so on White re?ectivity and residual oil coverage. 
[0022] FIG. 3 shoWs the relationship betWeen the Figure of 
Merit (FoM:e.C) and oil ?lm thickness, 1, required to meet a 
certain optical activity criterion (Ab sorbance, or Optical Den 
sity, A: 1 
[0023] Increasing the optical activity of the pixel ‘off-state’ 
can be done by using dyes that combine high extinction 
coe?icent (6) With high oil solubility. Dye absorbance (A) is 
commonly related to concentration using the Beer-Lambert 
LaW: 

Where I0 is the incident intensity, I the transmitted intensity, C 
the concentration and l the optical path length. Thus When the 
concentration is expressed in molar units M per litre (mol/L) 
and length in cm, 6 has units of M_lcm_l. 
[0024] With respect to the intensity of the colored oils an 
absorbance of 1 (10% transmission) is chosen as a good 
example. This means that as light incident on the display must 
pass tWice through the oil ?lm before reaching the vieWer that 
virtually all light (i.e. 99%) is absorbed in the speci?c absorb 
ing range of the colorant (producing red, green, or blue in the 
case of a display based on primary colors and cyan, magenta 
or yelloW in the case of a display using subtractive colors as 
the re?ected colors). For a given oil ?lm thickness (10 um) 
and therefore path length the folloWing Figure of Merit (FoM) 
is used in this patent application to de?ne the optical intensity: 

Where e is the extinction coe?icient of the dye Which is 
intrinsic and C is the concentration of the dissolved dye in the 
oil phase in M (mol/L). 
[0025] With a ?lm absorbance of 1 (90% absorption in a 
?lm thickness of 10 um) Which can be achieved, for example, 
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With a dye concentration of 0.01 M and dyes having extinc 
tion coe?icients of 104-105, Figure of Merits Were obtained 
betWeen 100 cm'1 and 1000 cm_l. 
[0026] To obtain a good solution of for instance poWered 
Oil Blue N (alkylamine substituted anthraquinone) in an 
alkane such as decane the folloWing recipe Was employed to 
increase the solubility. A dispersion or partial solution Was 
?rst put in a sonic bath, then on a heating plate for While 
stirring it and then cooled to room temperature and ?ltered at 
e.g. 0.2 pm to remove undissolved dye. In this Way Figure of 
Merits of about 225 Were obtained. 
[0027] An alternative methodology involves the use of non 
polar liquid dyes, for example Sudan Red 500, Sudan Blue 
673 and Sudan YelloW 172 (supplied by BASF). In this case 
the dyes can be much higher in concentration With FoM’s of 
7500 cm_l, 15000 cm“1 and 30000 cm_l, respectively and the 
formulation of these dyes consists of dilution to the desired 
FoM in the alkane of choice, and puri?cation steps to remove 
volatile contaminants and particulate residues. In this Way the 
colored oil solutions are su?iciently concentrated to meet the 
10% transmission criterion in ?lm thicknesses less than 2 
microns. 
[0028] Several variations to the principle are possible. 
Although a re?ective device has been described the invention 
also applies to transmissive display devices. 
[0029] The invention resides in each and every novel char 
acteristic feature and each and every combination of charac 
teri stic features. Reference numerals in the claims do not limit 
their protective scope. Use of the verb “to comprise” and its 
conjugations does not exclude the presence of elements other 
than those stated in the claims. Use of the article “a” or “an” 
preceding an element does not exclude the presence of a 
plurality of such elements. 

1. An optical sWitch comprising at least one ?rst ?uid (5) 
and a second ?uid (6) immiscible With each other Within a 
space betWeen a ?rst transparent support plate (3) and a 
second support plate (4), the second ?uid being electrocon 
ductive or polar, the ?rst ?uid being an oil comprising a dye 
the concentration of the dye being at most 0.2 M (moi/L). 

2. An optical sWitch according to claim 1 the concentration 
ofthe dye being at most 0.1 M. 

3. An optical sWitch according to claim 1 the concentration 
of the dye being at least 0.01 M. 

4. An optical sWitch according to claim 1 in Which the oil 
comprises at least one of the group silicone oil, hydrocarbon 
oil or ?uorocarbon oil. 

5. An optical sWitch according to claim 1 in Which the 
combined ?uid layer for a layer thickness of 10 pm of the ?rst 
?uid has a Figure of Merit (FoM:e.C) is at least 102 cm“1 in 
which 6 is the extinction coe?icient of the dye and C is the 
concentration of the dissolved dye in the ?rst ?uid. 

6. A display device comprising picture elements having at 
least one ?rst ?uid and a second ?uid immiscible With each 
other Within a space betWeen a ?rst transparent support plate 
and a second support plate, the second ?uid being electrocon 
ductive or polar, a picture element having an optical sWitch 
according to claim 1. 


